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Tuesday, February 10, 2015 457aimprove. Cellular motility is an important index to reflect the viability and dif-
ferentiation ability of stem cells during in vitro development. In order to inves-
tigate the variation of motility during this cell cultural environment, videos of
cells were recorded for 72 hours by an ASTEC CCM-1.4XZY/CO2 system
with a CCD camera mounted on a time-lapse microscope with a magnification
ratio of 100:1. We applied video tracking and image processing techniques to
quantify cell mobility pattern in terms ofmoving speed and topological changes.
Two types of MSCs, human adipose-derived adult stem cells (hADSCs) and hu-
man placenta derived multipotent cells (hPDMC), were investigated in this
study. Each type contained two different passages: the 5th and 11th for hADSCs,
and the 8th and 16th for hPDMC.The preliminary results from analysis of these 4
videos showed that themigration pattern of aggregated cellular spheroid in terms
of moving speed and orientation consistency was significantly higher than those
of single cells. In addition, youngMSCs (with lower passage)were found to have
a higher tendency to aggregate and form a spheroid than the senescent ones (with
higher passage). This better spheroid-forming ability with young MSCs could
result in their greater mobility than the senescent cells and thus yield their better
capability in differentiation.
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The ability of cells to move in collective groups or sheets is a phenomenon
observed in a number of significant biological processes, such as bone remodel-
ing, embryonicmorphogenesis,wound repair and cancer invasion andmetastasis.
These cells are held together throughcell-cell adhesionmolecules andmoveusing
heterogeneous biochemical and/or environmental cues to guide force production
and morphological changes. It has been observed that these cell layers exhibit
non-trivial dynamics, such as vortical motion and long-range order. This suggests
that the physical interactions between neighboring cells may be an important fac-
tor guidingmulticellular movements. In addition, recent findings have shown that
several aspects of these collective motions can be described by the biophysics of
single cells,which dictates cell speed, shape, persistence ofmotion, traction stress
and substrate adhesion. Using live-cell imaging and traction force miscopy we
experimentally measured biophysical motility parameters of isolated treated
and drug-treated epithelial cells. These results were then used in a mathematical
model formulticellularmotion to determine the role of cellular level biophysics in
the collective migration of epithelial cells. The predictions of the model were
tested by comparing the results to collective cell migration experiments, where
we used image processing techniques tomap the velocity field and force distribu-
tion of collectively migrating cells. Deviations between the experiments and the
model were used to further refine the model, thereby generating new hypotheses
for the biophysical mechanisms that guide epithelial cell migration.
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Embryonic development depends on effective cell migration whose malfunction
leads to abnormalities. Migration is the integrated outcome of a cycle of inter-
connected component processes, namely protrusion, adhesion and contraction.
Most, if not all, molecular details of these processes have been established. The
major remaining challenge is to identify mechanisms that couple these processes
in space and time. Compared to a relatively well-established interaction between
protrusion and adhesion, however, there is no understanding as to howcontraction
and adhesion interact dynamically at the time scale of a single migration cycle,
and whether these interactions affect protrusion through adhesion-protrusion
coupling. The major hurdle that makes it challenging to investigate contraction-
protrusion link is from technology: there is nearly no tool to quantify myosin II-
based contraction in cytoskeletal network compared to numerous imaging ap-
proaches for characterization of protrusion - adhesion coupling.Here,we hypoth-
esize that contraction dynamicallymodulates adhesionat a distance,which in turn
promotes or inhibits protrusion via several redundant mechanical and signaling
pathways. To test this hypothesis, we developed a continuum mechanical (CM)
model to infer location and time of intracellular forces in migrating cells, which
will be compared against high-resolution traction force microscopy (TFM) to
obtain absolute force levels and infer material heterogeneity in the cytoskeleton.
Preliminary results from Ptk1 cell wound-healing assay show that intracellular
force field and traction force field are highly correlated, suggesting the feasibility
of the absolute intracellular force level reconstruction. To establish the ‘informa-
tion flow’ between contraction, adhesion and protrusion, wewill use a correlation
analysis of spontaneous fluctuations to show the coupling and information flow
between them in unperturbed cells and in a cell where candidatemoleculesmedi-
ating the putative link between contraction and protrusion is slightly perturbed.2300-Pos Board B437
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Cells sense and respond to their environment according tomany factors, including
gravity. Changes in the gravitational field during space exploration may alter
cellular interactions. Our understanding of the fundamental mechanisms by
which gravitational forces ultimately affect cell function, however, is limited.
Based on our prior observations, humanmesenchymal stem cells (hMSCs) adopt
a more rounded morphology during simulated microgravity (clinorotation). We
hypothesize that microgravity affects the cell-substrate forces, which in turn af-
fects cell adhesion and motility. Therefore, we investigated the correlation be-
tween traction forces, spreading and chemotaxis. As an extension to our
previously reported ‘‘clinochip’’ device, we developed a lab-on-a-chip device
suitable for implementing traction forcemicroscopyduring clinorotation. The de-
vice contains a channel coated with an array of fluorescent beads embedded in a
polyacrylamide substrate that can be processed to calculate cell-substrate traction
forces. For our studies, we investigated both hMSCs and osteosarcoma cancer
cells (143-B), because they represent highly regulated and deregulated cell states
in the osteogenic lineage, respectively. Clinorotation speeds of 0, 30, and 75 rpm
were examined, and cell shape, adhesion area, traction forces, and chemotactic
migration were measured. Interestingly, results indicate that hMSCs exhibit a
dose-dependent response to clinorotation speed based on a shift in the population
distribution of cell shape and adhesion area, while osteosarcoma cells do not.
These results suggest that a deregulated cell phenotype may possess distinct me-
chanosensing characteristics, which may be related to our measures of cell adhe-
sion, traction and chemotaxis. Our results are among the first efforts to directly
measure the physical interplay between the cell and its substrate during simulated
microgravity. This will allow us to gain a deeper understanding of the cellular
mechanisms that lead to tissue-level changes, such as atrophy and reduced
bone mineral density, observed in astronauts.
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Cell migration is essential in biology, and it is closely related to biological func-
tions such as wound healing, immune responses and cancer cell metastases.
Without chemical or physical gradients, cells migrate randomly. Recently, the
Wirtz lab discovered the large scale periodic cell migration of Zyxin-depleted
human fibrosarcoma cells with period longer than 2 hours. These cells exhibit
distinct regular oscillatory migration patterns in three-dimensional ECM and
along one-dimensional chambers. Here, we present a reaction-transportation
model based on a coarse-grained molecular picture of the process. Migrating
cells have well-defined polarity and microtubules are known to play important
roles. By explicitly incorporating k, we successfully reproduced the experimen-
tally observed periodic migrating patterns. Our results suggest that, although
diffusion andmotor-based active material transportation (convection) both exist
in cell, the periodic switching of cell’s polarity is mainly due to the motor-based
convection. Surprisingly, we discovered two distinct oscillatory phases: in the
first phase, the polarization factors undergo simple and fast end-to-end oscilla-
tion, which would not lead to the observed large scale periodic migration;
whereas in the second phase, the polarization factors not only oscillate between
two cell ends but also generate vortex-like local patterns at either ends. These
vortex-like patterns greatly elongate the period of the oscillation, which effec-
tively stabilizes the migration in either direction, leading to the large scale oscil-
latory migration. Based on our model, the cell length dependences of various
oscillatory characteristics have been predicted for future experimental verifica-
tion. The identified two oscillatory phasesmay provide useful insights to the gen-
eral picture of howcells alter direction during rather persistentmigration, and the
developed reaction-transportation model provides a general framework for
studying the long-range cytoplasmic translation dynamics of any molecules.
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Cells under external electric field will migrate along electrical potential differ-
ences. The direction of migration depends on the cell type. Although cell
motility on 2-D substrates is facilitated by actin and myosin, polarized cells
can also migrate under confined conditions when actin polymerization is in-
hibited. This actin-independent migration is driven by water permeation
through the cell membrane. In this work, we study flow-driven cell migration
under electric fields. Our mathematical model considers 1-D cells in a confined
